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z.2012.12Abstract Bis(2-ethylhexyl) phthalate (DEHP) is a commonly used plasticizer in many toys, consumer
products and medical devices. The aim of the present immunohistochemical work was to study the
effect of DEHP on macrophage proliferation in the testis of pubertal rats. Twenty-day old rats (Rattus
norvegicus) were gavaged with DEHP (200 mg/kg) or the corn oil vehicle (control) for 10, 20, and
30 days. Using the speciﬁc antibody ED1 we have determined the number of macrophages (per mm2
in parafﬁn sections) after the DEHP treatment. The treatment of animals with DEHP signiﬁcantly
increased the macrophage numbers in the testis compared to control. This is true for all three durations
of treatment. The macrophages were quantiﬁed according to the location in the testis: (1) peritubular,
(2) Leydig cell vicinity, (3) perivascular. The data showed that the highest number of macrophages was
of peritubular location. To conclude, the signiﬁcant increase of the macrophage number in the testis of
DEHP-treated rats can be interpreted as an expression of the inﬂammatory and/or apoptotic processes.
ª 2013 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. All rights
reserved.Introduction
Diethylhexyl phthalate (DEHP) has been primarily used as a
general purpose plasticizer in plastic production. It has had
additional uses in the creation of PVC, polyvinyl acetate, rub-
bers, cellulose plastics and polyurethane. As a polymer, DEHP
imparts ﬂexibility and other mechanical properties to variousom
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.003types of plastics found in consumer products, medical devices,
and industrial/commercial products. Its use in medical devices
(i.e., medical tubing and IV bags) and industrial/commercial
products accounted for 25% and 45% of the overall consump-
tion, respectively (DiGangi, 1999). It is also used in food pack-
aging materials, food wrap, cellophane, resinous and
polymeric coatings used in food packaging (ECB, 2006).
A variety of studies identiﬁed DEHP-induced adverse ef-
fects. Dhanya et al. (2003) reported that neurodegenerative
areas were present in the rat brain following exposure to
DEHP. Heterogeneous changes in brain weights also occurred
following long-term oral dosing with DEHP in Fischer 344
rats (David et al. 2000). Pregnant female rats dosed with
DEHP in their diet during their last week of pregnancy and
for 2 days following birth had pups with a substantial decrease
in the number of lung parenchymal airspaces, a signiﬁcant in-and hosting by Elsevier B.V. All rights reserved.
224 Y.A. Okdahcrease in the airspace mean size, and an increase in the number
of type II pneumocytes (Magliozzi et al., 2003). DEHP expo-
sure was found to induce hepatotoxicity (Huber et al., 1996)
and nephrotoxicity (Crocker et al., 1988) in rodents.
The effect of DEHP on reproduction was studied. Wilson
et al. (2004) commented that the severity of changes in reproduc-
tive tissue and endocrines was dependent on the DEHP dose, rat
strain, and target tissue. Differences in metabolism and receptor
binding and activation have also been postulated to affect
DEHP-induced reproductive outcomes. Arcadi et al. (1998) ob-
served testicular damage in the male offspring of female rats ex-
posed to DEHP in drinking water. Testicular damage included
the disorganization of the seminiferous tubule structure and the
absence of spermatocytes. Poon et al. (1997), reported testicular
lesions and changes in liver enzymes at exposures of 38–42 mgFigure 1 Immunohistochemical reaction of ED 1 (brown), nuclear sta
c, and e) and treated groups (b, d, and f) after 10, 20, and 30 days, reDEHP/kg bw/day in young adult rats. Latini et al. (2008) re-
ported that in utero exposure to DEHP alters Sertoli cells in
the fetal testis biochemically and functionally. Alterations occur
through the inhibition of FSH-stimulated proliferation and
destruction of intermediate ﬁlament cellular structure. The pres-
ent work studied the effect of DEHP on proliferation of ED1-tes-
ticular macrophages in albino rats.
Material and methods
Animals and treatment
The rats (Rattus norvegicus) were treated at the Dept. of Zool-
ogy, Faculty of Science, Menuﬁya University, Shebin Elkom,
Egypt. The experiments were permitted by the authorities ofining with hematoxylin (blue) in the interstitial area of controls (a,
spectively.
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Effect of diethylhexyl phthalate on proliferation of ED1-testicular macrophages in rats 225Menuﬁya University; Rules of Animal Protection of the Fac-
ulty of Science, Menuﬁya University were obeyed. Twenty-
day old male albino rats were used for this study. Each of
the treated rats has received 200 mg/kg bw of di-2-ethyihexyl
phthalate (DEHP) dissolved in corn oil during the experimen-
tal period of ten, twenty or thirty days. The rats of the control
group were fed with 0.5 ml corn oil/rat only. DEHP as well as
corn oil was administered orally by a gavage between 10 and
11 a.m. each day. 24 h after the last dose the rats were killed
and the testes were removed.Figure 2 Mean number of total macrophages in testes of
controls and DEHP groups.
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Figure 3A Mean number of macrophages in perivascular,
Leydig cell vicinity, and peritubular regions of testes of animals
after 10 days of treatment.Immunohistochemistry
To identify the testicular macrophages immunohistochemically,
the primary antibody ED 1 (mouse anti-rat CD 68. Serotec, Nie-
deraula, Germany; dilution: 1:500) was employed. Tris buffered
saline with pH 7.4 was used as a buffer solution. Three sections
from each testis – each 40 urn apart – were used. The sections
were deparafﬁnized, treated 5 mm. with a proteolytic enzyme
(Dako, Denmark), incubated with 3% H2O2 for 20 mm. at room
temperature, and incubated with the primary antibody at 4 C in
refrigerator for 16 h in a moist chamber. As a secondary antibody
(30 mm. at room temperature) the EnVision+R system labeled
polymer-HRP anti mouse (Dako, Denmark) was used. The reac-
tion product was stained with DAB, the sections were ﬁnally cov-
ered with DPX. For the negative control sections, the primary
antibody was replaced with buffer solution.
Cell count
From each testis three sections of the testis were examined. Be-
tween the sections there was a distance of at least 30 microns to
make sure that cells will not be count twice. The slides were
examined under a light microscope (25·) and macrophages
were counted. For the evaluation macrophages were counted
in general and also were assigned to three different locations
in the testicular interstitium: perivascular, peritubular and in
Leydig cell vicinity.
Statistics
There were at least four animals in each experimental group.
All data were analyzed by student’s – test of two independent
means. Differences were considered to be signiﬁcant if P was
less than 0.05.
Results
Rats which were treated with DEHP show a signiﬁcant in-
crease in the number of macrophages in the testicular interstit-
ium compared to those of the control group, independent of
the duration of treatment (Fig. 1). The group that received
DEHP for 10 days shows an average number of macrophages
of about 4759/mm2 in contrast to control with 1776/mm2
(p< 0.001). After a treatment of 20 days the counted macro-
phages increased from 1046/mm2 to 2761/mm2 (p< 0.001).
In the third group of animals, with a treatment of 30 days,
the mean number of macrophages was 3208/mm2 compared
with 1253/mm2 in the control group, which is also a signiﬁcant
difference (p< 0.001) (Fig. 2). These data show that DEHPcauses a signiﬁcant increase in the number of macrophages
in the rats’ testicular tissue.
To present these effects of DEHP in a more detailed way,
we also compared the number of macrophages in three differ-
ent locations with each other (perivascular, Leydig cell vicinity,
and peritubular). That was also done to clarify the preferential
distribution of the macrophages in the testicular interstitium
and to ﬁnd out whether there are differences in the increase
of macrophages related to the location or not. The lowest
number of macrophages in all three groups was found perivas-
cular as depicted in Figs. 3A–3C. The highest increase of the
macrophagocytic number after treatment with DEHP for 10,
20, or 30 days compared to control was found peritubular
(p< 0.001). In the ﬁrst group (treatment: 10 days) there were
counted 263 macrophages/mm2 perivascular (control 95/mm2),
1965/mm2 in Leydig cell vicinity (control 785/mm2) and 4759/
mm2 peritubular (control 896/mm2) (Fig. 3A). Here the num-
ber of macrophages was signiﬁcantly higher in the treated ani-
mals than in the control group in every observed location
(p< 0.001). In the experimental group which has received
DEHP for 20 days we found a signiﬁcant increase in the num-
ber of testicular macrophages in Leydig cell vicinity (530–1026/
mm2, p< 0.001) and peritubular (397–1660/mm2, p< 0.001),
but no signiﬁcant differences in perivascular (120–76/mm2,
p< 0.10) (Fig. 3B). The last group (treatment: 30 days) shows
more or less similar results with signiﬁcant differences in Ley-
dig cell vicinity (712–1564/mm2, p< 0.001) and peritubular
(413–1449/mm2, p< 0.001). In the Perivascular there was no
signiﬁcance found between macrophages in the control group
(128/mm2) and in treated animals (195/mm2, p< 0.10)
(Fig. 3C). These data show that exposure to DEHP has an ef-
fect on the number of testicular macrophages in general and
related to different locations especially on those which were
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Figure 3B Mean number of macrophages in perivascular,
Leydig cell vicinity, and peritubular regions of testes of animals
after 20 days of treatment.
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Figure 3C Mean number of macrophages in perivascular,
Leydig cell vicinity, and peritubular regions of testes of animals
after 30 days of treatment.
226 Y.A. Okdahfound peritubular. DEHP causes signiﬁcant increases of mac-
rophages near Leydig cells, peritubular and also perivascular
in the 10 day treated animals, but it has no effect on the num-
ber of those macrophages that are located perivascular in rats
that are treated 20 or 30 days.
Discussion
The results of the present study supply quantitative data about
macrophages in the normal prepubertal rat testis and about
how their number develops after treatment with di-2-ethyl-
hexyl phthalate (DEHP). It shows that administration of the
xenoestrogen and phthalate ester DEHP to prepubertal male
rats leads to a signiﬁcant increase in the number of testicular
macrophages. Comparable ﬁndings occur in infertile male pa-
tients with Sertoli cell only or germ cell arrest syndromes,
where the overall macrophage number was increased over two-
fold (Frungieri et al., 2002).
Macrophages were detected with ED 1, a monoclonal anti-
body which recognizes the antigen that is the rat homolog of
human CD 68. It has been shown that the expression of this
antigen in cells increases during phagocytic activity (Bauer
et al., 1994), which leads to the conclusion that DEHP also
rises phagocytic activity in rat testicular interstitium.
DEHP produced morphological changes in the testis, such
as apoptosis, necrosis and loss of spermatogenic cells, which
lead to testicular atrophy (Park et al., 2002). Furthermore male
fertility is supposed to be reduced (Dalgaard et al. 2000). The
most toxicant metabolite of DEHP is MENP (mono-2-ethyl-
hexylphthalate) (Kasahara et al., 2002), an active monoester
which is the product of hydroxylation by lipases in the gutand other tissues of humans and rodents (Li and Kim, 2003;
Gray and Gangolli, 1986).
Our data demonstrate that exposure to DEHP has an effect
on the number of testicular macrophages in general, and re-
lated to different locations especially on those which were
found peritubular. That corresponds with the ﬁnding that in
infertile patients the number of peritubular macrophages was
more than three times higher than in fertile men with a signif-
icant shift of these cells from the interstitium to the tubules
(Frungieri et al., 2002). Macrophages are necessary to remove
cellular remnant like apoptotic material or destroyed cell com-
ponents in inﬂammable tissue. So an increase in macrophage
number suggests that either apoptotic or inﬂammable pro-
cesses rise in the rats’ testicular interstitium after exposure to
DEHP. Studies which have differentiated two types of macro-
phages showed that ED 1 – positive cells correspond to circu-
lating phagocytes and ED 2 detected resident macrophages
(Melaine et al., 2003). In that study it has been demonstrated
that after experimental testicular infection of rats with Sendai
virus, a virus related to mumps virus, there was an increase of
ED 1 – positive circulating monocytes, while the number of
resident macrophages did not change. These ﬁndings consider
that DEHP possibly causes a testicular inﬂammation and that
circulating macrophages were recruited and reach the intersti-
tial tissue through the blood vessels. Interestingly, the lowest
number of macrophages in all of our three groups was found
perivascular. So it is still unclear whether the phagocyte inﬁl-
tration is completed at the time when the rats were killed or
if it is an aspect which points against the inﬂammation hypoth-
esis. Another point is that the degeneration of germ cells also
happened in the virus infected tissue, while Sertoli cells and
Leydig cells were unaffected (Melaine et al., 2003). That stands
in contrast to studies using DEHP or MEHP, where Sertoli
cells have been damaged (Giammona et al., 2002; Li and
Kim,2003; Ono et al., 2004). The other possibility is that the
increase in macrophage number is caused by a DEHP induced
increase in apoptotic processes. In vitro experiments have
shown that the number of apoptotic cells in the mice testis in-
creased signiﬁcantly after MEHP administration (Suominen
et al., 2003). Even after a single oral dose of DEHP structural
changes like degeneration of spermatocytes in rat seminiferous
tubules at the stages from IX to I of the spermatogenic cycle
were examined (Saitoh et al., 1997). Autoradiographic experi-
ments found out that radioactive marked DEHP can pass the
blood – testis barrier into Sertoli cells (Ono et al., 2004). Fur-
thermore it has been shown that administration of DEHP in-
duces vacuolation in Sertoli cells (Kasahara et al, 2002).
Sertoli cells can only support a ﬁnite number of germ cells,
so that the number of spermatids in adults can decrease, when
there has been Sertoli cell reduction in neonatal rats (Li and
Kim, 2003). That suggests that Sertoli cells are directly de-
tracted from DEHP which can lead to testicular atrophy or
even infertility, when the number of Sertoli cells is reduced
for longer. As shown above, there is a lot of evidence that oral
gavage of DEHP adversely effects Sertoli cells and germ cells
but there is no acknowledgement that intravenous injection
of DEHP has the same effect. Here no germinal cell depletion
or Sertoli cell alteration was observed (Cammack et al., 2003).
That conﬁrms that environmental exposure to DEHP can lead
to testicular changes and so it is of public concern because the
main intake of DEHP happens orally with food.
Effect of diethylhexyl phthalate on proliferation of ED1-testicular macrophages in rats 227There are also studies about how DEHP or MEHP induces
germ cell apoptosis and the Fas system, a receptor – ligand sig-
naling system, has been found to be critical for it and it has
been supposed that damaged Sertoli cells are actively involved
in eliminating germ cells via the expression of Fas ligand
(Richburg and Nanez, 2003). Another interesting aspect is
whether hormonal interactions are involved in a DEHP in-
duced increase of testicular macrophage number and germ cell
alteration. It has been shown that DEHP has the most effects
on androgen biosynthesis in early stages of rat development
and even very low DEHP doses of about 10 mg/kg/day have
caused changes in LH and testosterone levels (Akingbemi
et al., 2004). DEHP leads to an increase in Leydig cells accom-
panied by elevated serum LH levels and it is said to be indi-
rectly estrogenic because it increases serum levels for
estrogen (Akingbemi et al., 2004). On the other hand it has
been demonstrated that the effects of a single oral dose of
MEUP are apparently not involving the androgen receptor
(Dalgaard et al., 2001). It has been supposed that a reduction
in macrophage number is unrelated to changes in circulating
gonadotropins (Wang et al., 1994), so it is not ﬁnally clear
whether an increase in macrophages depends on gonadotropin
and so hormonal changes or not.
In conclusion, this study demonstrates that DEHP ad-
versely affects testicular macrophages in young prepubertal
male rats and that the most obvious changes in macrophage
number can be examined in the peritubular region and so indi-
rect closeness to the germ cell epithelium. Data indicate that
the rise in the phagocytic number is caused by a DEHP in-
duced germ cell apoptosis and possibly also by a direct Sertoli
cell damage which can ﬁnally lead to infertility in adulthood.References
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